Thin films of the blended solution of NiPc/C 60 are fabricated using spin-coating method for three different ratios (100/1, 100/10 and 100/100) according to the weight. The films are deposited on to glass substrates and treated with several annealing temperatures (373, 423 and 473)K. The structure and surface morphology of the as-deposited and annealed films using x-ray diffraction and AFM was studied and exhibited a change and enhanced crystallization and surface morphology caused by changes in heat treatment temperatures. Investigation of X-ray diffraction patterns of NiPc/C 60 indicated that it have polymorphism structure, i.e. mix between amorphous and polycrystalline structure. when heat treatment temperatures changed, led to the α-crystalline films oriented preferentially to the (100) plane. The grain size of the blend (NiPc/C 60 ) thin film is calculated using the Scherrer relation and the variation was nonsystematic with increased annealing temperature. AFM measurements supported the result of XRD. 
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Introduction
Organic semiconductors have been the subjects of scientific research for the past 50 years. the study of semiconductor organic matter confirmed on small organic molecules in the crystalline state [1, 2] . The structural study of materials has always been a high priority, because the physical properties of materials are mainly dependent on their structure.
Organic semiconductors can be divided into two types: polymers and small molecule materials. There are significant differences between these two types of materials. small molecules can be divided into two sub-groups: pigments, not soluble in organic solvents, and dyes, which are soluble [3] .
chemical and thermal stability is one of the main gains of using Pcs, and It has excellent electrical and optical properties [4] , Metal Phthalocyanines (MPcs) is a group of medium sized organic molecules that have wide applications in fields that contain non-linear optics, molecular electronics, and the manufacture of electrochemical sensors [5] .
Nickel phthalocyanine (NiPc) showed good sensitivity and electronic properties [6, 7] . Jacob et al. have mentioned that the NiPc nanostructures can be synthesized by using of ionic media [8] . The molecular structure of NiPc shown in Figure-1 Figure 1-The structure of Nickel phthalocyanine NiPc [6] Fullerenes are large carbon cage molecules (Fig.2 ) that are three-dimensional isotopes of benzene. Buckminster fullerene (C 60 ) is the most plentiful form of fullerenes with 60 carbon atoms arranged in a spherical structure. [9] , It looks like football with 12 pentagons and 20 hexagons. An important characteristic of C 60 molecule is its high symmetry. Thin layers of fullerene are dyed from yellow to yellowish-green. The colour of fullerene solutions is due to the transition of π-π electron.
Experimental work
Nickel phthalocyanine (NiPc) and Fullerenes (C 60 ) purchased from sigma-Aldrich and used without additional purification. Before deposition the blend, Glass substrates cut to the size of 2.5cm×2.5cm after that clean them in an ultrasonic bath for 15 min, to avoid contaminants from the glass surface, using different steps with distilled water, liquid soap, acetone and ethanol, the substrate was dried in nitrogen gas.
Three weight ratios of (NiPc/C 60 ) used to prepared the blends and thin films which are (100/1, 100/10 and 100/100) respectively by mixing 15mg/ml of NiPc in chloroform and (0.15, 1.5 and 15) mg/ml of C 60 in toluene. The blend solutions of NiPc and C 60 for each ratio were putted on a hot plate stirrer for 40 hours with temperature of 50 o C, then the two blended solutions is filtered using 0.2 μm filter and mixed together and leaved 20 hours again on stirrer to get homogenous solution.
Now the blended solution becomes ready to spin-coated on pre-cleaned glass substrate using spin coater type CHEMAT SCIETIFIC SKW-4A2 for 2000 rpm for 1.5min. The prepared samples leaved in air for one day then putted in an oven at 70 o C for 15min to remove the residual solvent may be stay inside the film as Nano bubbles. The bulk heterojunction blend (NiPc/C 60 ) thin films were annealed in a vacuum oven at variable temperatures (373, 423 and 473) K for one hour to study the effect of heat treatment temperatures on structural and morphological properties.
structural analysis of the prepared thin films is completed by X-ray diffractometer (Miniflex II Rigaku company, Japan) by Cu Kα radiation (λ = 1.54 Å), full width at half maximum (FWHM) intensity of the diffraction peaks is studied, and the surface morphology of these films is studied by means of atomic force microscopy (AFM) (AA3000 Scanning Probe Microscope SPM, tip NSC35/AIBS from Angstrom Ad-Vance Inc) (AFM-contact mode). By using the Bragg's law, the lattice factors of the films were calculated: n λ = 2d sin θ (1) By using Scherer's relation, the grain size of the crystallites was calculated from the XRD,
Where λ the wavelength of X-ray, K = 0.94 is a constant, β the full width half maximum and θ the diffraction angle.
Results and Discussion
X-ray diffraction pattern of bulk heterojunction blend (NiPc/C 60 ) thin films for three different ratios prepared by spin coating technique of as-deposited and thermally treated with different annealing temperatures (373, 423 and 473)K are presented in the Figures-(3, 4, 5 ). XRD pattern shows that all the samples have polymorphism structure, i.e. mix between amorphous and polycrystalline structure, The amorphous phase belongs to the fullerene (C 60 ) while the polycrystalline due to the α-phase NiPc. The XRD parameters of the as-deposited BHJ blend (NiPc/C 60 ) thin films and annealing with several temperatures were calculated and shown in Tables-(1, 2, 3) .
The peaks corresponding to miller indices (100), ( -102), (002) and (102) in all patterns included in Figures-(3, 4, 5 ) belonged to α-crystalline phase of NiPc in the BHJ blend of (NiPc/C 60 ) thin film. The structure of the thin film (NiPc/C 60 ) is defined in a tetragonal with a preferential orientation along the (100) direction at 2θ = 6.8° [10] [11] [12] [13] [14] [15] [16] [17] . The d values obtained from diffractogram are decreasing with annealing temperature increasing and in perfect match with JCPDS record. diffraction peaks are matched with the previous explanations.The differences in the values d are due to higher X-ray absorption, sample purity, particle size, preferred orientation and crystal quality. The increase in crystallization is due to the destruction of pseudomorphic layers existing in the film at high annealing temperature [10, 13] . It has been found there is a direct relationship between the intensity and sharpening of the prevailing peak and annealing temperature. This result showed that crystallinity and lattice quality of the films enhanced with heat treatment temperatures. The enhancement of crystal may be attributable to the annihilation of pseudomorphic layers existing in the film and increase the ability of atoms to transport towards stable locations in the lattice.
The first position and the most intense peak correspond with the peak (100) for the tetragonal crystal structure of α-NiPc. The second peak can be defined as a reflection (102) of the monoclinic crystal structure of α-NiPc. Other low-angle peaks are represented (002) and (102) reflections of tetragonal structure. All other peaks are in the upper angles formed from the polycrystalline glass substrate thin film. hump is widely in the area 2θ = 20 -30 degrees is may be due to amorphous glass substrate and/or amorphous phase of C 60 , this peak is completed by other well defined low intensity peaks, agreeing to lower symmetry phases C60 ordered in orthorhombic and monoclinic structures [18, 19] . From the XRD analysis, it can be determined that as-deposited thin films also contain generally of α-modification of NiPC with a quadruple crystal structure. The grain size of the blend (NiPc/C 60 ) thin film is calculated using the Scherrer relation. All samples have the nonsystematic behavior i.e. the grain size decrease with increased annealing temperature upto 373K .The grain size increase with increased annealing temperature to 423K, Increased annealing temperature provides sufficient thermal energy for atoms rearrangement, resulting in improving of atoms and consequently in faster crystallite growth. As the crystallite size grows, the pseudomorphic layers formed at room temperature are destroyed by heat treatment and the crystallinity of films improves. At annealing temperature increase to 473K the grain size decrease due to structure change to nanofiber [13] .
It was observed that there is only one diffraction peak at 2θ = 31.74º. However, this feature can only be a noise effect, as this result can hardly be compared with similar measurements in literature [20, 21] and, moreover, the peak is very sharp and little intense. The film is amorphous and no evidence of crystalline structure can be inferred from this XRD measurement. Surface morphology of (NiPc/C 60 ) thin films for three different ratios is shown in Figures-(6, 7, 8 ). From the observation of these shapes we can see that the morphology of the (NiPc/C 60 ) thin film has a larger grain size and is uniformly distributed, referring to the crystalline nature of the film. It can be observed that due to the heating caused by the preparation of films at different annealing temperatures, the growth of grain will occur which gives the crystal and good surface morphology [16] . These results correspond well with XRD features. The morphology of crystals and the molecular orientation change with annealing temperature. These morphological properties confirm that the annealing temperature allows to control the structural regulation of organic molecules in their solid state, which is expected to significantly improve the properties.
By using the Scherrer relation, the grain size D of the film was calculated, From the Tables-(4, 5, 6 ) it was observed that the parameters can be obtained from AFM analysis such as grain size, (r.m.s) Roughness and peak to peak. From these tables it was observed that the grain sizes variation was nonsystematic and have the same behavior as in XRD measurement and belong to same reasons which mentioned in XRD section.Tables- (4,5 and 6) shows that by increasing the annealing temperature, the grain size is increased. 
Conclusions
The structural of (NiPc/C 60 ) thin films fabricated by spin-coated technique on glass substrates prepared at different annealing temperatures successfully hase been investigated. Structural analysis showed an improvement in the crystallization of NiPc films and that the grain size became largest according to the increasing of heat treatment temperature. Also, AFM analysis showed that the homogeneity and morphological stability of the films improved in annealing temperature.
X-ray diffraction patterns obtained for (NiPc/C 60 ) exhibited it has a polymorphism structure, i.e. mix between amorphous and polycrystalline structure. Film is preferentially oriented (100) plane as tetragonal. It can be observed that the intensity and value of the d is sharpened, and the main peak increase with annealing temperature that shows the crystallization of the films when the heat treatment temperature is increased. The diffraction peaks obtained for films prepared at higher annealing temperatures are sharp due to the increased crystallization.
With increasing annealing temperatures, the full width at half maximum (FWHM) are reduced and the grain sizes variation was nonsystematic behavior with increased annealing temperature upto 423K.with different annealing temperatures, rearrangements of molecules are taking place. The variation in grain size shows that the structure and morphology of (NiPc/C60) are controlled its properties, depending on the increase in the annealing temperatures.
Through topographic AFM analysis, we found that there is a significant effect of annealing temperatures on surface morphology of (NiPc/C 60 ) films and the change in the shape of the crystal and the molecular orientation with annealing temperature. These films showed more grain size, distributed homogeneously, rough indicating the crystalline nature of the film.
